
Cannabis and the Adolescent Brain

Key Information for Prevention Practitioners to Share with Key 
Stakeholders and Communities
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Purpose 

Improve implementation and delivery of effective substance abuse 
prevention interventions

Provide training and technical assistance services to the substance 
abuse prevention field 

• Tailored to meet the needs of recipients and the prevention field

• Based in prevention science and use evidence-based and promising 
practices

• Leverage the expertise and resources available through the alliances 
formed within and across the HHS regions and the PTTC Network. 





Adolescent Development 



Parts of the Human Brain and their Functions

Click here to show NIDA video

The Human Brain: Major 

Structures and Functions

https://www.youtube.com/watch?v=0-8PvNOdByc


Changes in Brain Structure
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Slide adapted from Ken Winters, PhD.

Toddler milestones: 

balance, walking, 

coordination Preschool milestones: 

emotional regulation
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Changes in Brain Function
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Addiction and the Brain



Made in the Brain: Endogenous 
Endocannabinoids



Endocannabinoids and THC



Brain Cannabinoid Receptor Sites

• Nucleus Accumbens

• Hippocampus

• Amygdala

• Hypothalamus

• Medulla

• Cerebellum

Click here to watch the NIDA 

video: The Reward Circuit: How 

the Brain Responds to 

Marijuana

(Zhang, H., et al., 2014; Ait-Daoud

Tiouririne, N. (n.d.). 

https://youtu.be/s27f7Jzy2k0


Where Marijuana Acts



Cannabis and the Adolescent Brain
• Regular cannabis use 
early in life can result in 
impairments such as: 

• Poor academic 
performance

• Deficits in attention, 
information processing, 
and memory

(Batalla, A,et.al., 2013; 

Bossong, M., et.al., 2012)



Brain Differences in Adolescent who Use 
Cannabis: Structural

• Structural differences are apparent in brain images of adolescents 
who have used cannabis compared to those who have not. These 
differences include: 

• Size (both increases and decreases)

• Connectivity 

• Quality of various brain structures

• The earlier that individuals started regular use, the more impaired 
the nerve connections were in the brain.  Those who began using 
cannabis at a later age did not experience the same negative 
effects (Schacht,J., et.al., 2013).



Brain Differences in Adolescent 
who Use Cannabis: Functional

• Functional differences are also found in brain 
images of adolescents who use cannabis 
compared to those who don’t use, particularly 
greater activity while completing tasks:  

• This increased activity indicates the brain was 
working harder to perform a task

• These differences were observed in brain 
regions critical for executive functioning (e.g., 
planning and decision making, establishing 
and completing goals) (Smith, A., et.al., 2010; 
Smith, A., et.al., 2011; Hatchard, T., 
et.al.,2014).



Pharmocokinetics



Pharmacokinetics

• Pharmacokinetics is a term that encompasses:
• how we take in a substances, 
• where the substance is stored in our bodies, 
• how we metabolize or break down the substance, and 
• how we get rid of the substance.

• Varies by route of administration



Routes of absorption – Oral  
(Edibles, Tinctures, & Beverages)

• Onset of effect delayed: 60-120 min

• Effects may last 4-8 hours

• Maximum levels of THC in blood 
may take 2-5 hours

• Bioavailability(low): 6% - 7% 

(Koob, G., and Le Moal, M. ,2006; Francis, 

M., 2016; Gaston, T., and  Friedman, D., 

2017).



Routes of Absorption - Trans-Mucosal: Sublingual, 
Intranasal & Ophthalmic

• Onset in 5-30 minutes

• Effects may lasts 2-4 hours

• Bioavailability: ~6% - 46%

• Avoids first-pass 
metabolism

• Sativex: Sublingual for MS
(Koob, G., and Le Moal, M., 

2006; Francis, M., 2016) 



Routes of Absorption –
Transdermal

• Onset in approximately 30 
minutes

• Effects may last 48 hours

• Bioavailability: Not available

• Avoids first-pass metabolism

• Transdermal patches
• 10mg – CBD, CBN, THC, 

CBD/THC

• 20mg – THC Indica, THC Sativa

(Koob, G., and Le Moal, M., 2006; 

Francis, M., 2016; Schachter, S., 2016)



Routes of Absorption – Rectal

• Onset for rectal is faster than oral

• Effects peak within 2-8 hours

• Bioavailability: 13.5%

• Avoids first-pass metabolism

• Marinol Suppositories for Spasticity

(Koob, G., Le Moal, M., 2006; Gaston, 

T., and Friedman, D., 2017; Englund, 

A., Stone, J., and Morrison, P., 2012)



Routes of Absorption –
Intravenous

• Onset in < 5 minutes.

• Bioavailability: 100%

• Avoids first-pass 
metabolism

• Intravenous resulted in 
acute paranoia, 
Schizophrenia-like 
symptoms, cognitive deficits 
(Koob, G., and Le Moal, M., 
2006; Gaston, T., and 
Friedman, D., 2017; 
Englund, A., Stone, J., and 
Morrison, P., 2012).



Routes of Absorption – Smoking/Inhalation 

• Gravity Bongs, Vaping, & Dabbing

• Butane Hash Oil 

• (BHO, 710, Butter, Wax, Honey Oil, 
Shatter)

• Onset: Peak plasma levels in 6-10 minutes

• Effect lasts 2-3 hours

• Bioavailability: 2-56%

• Releases >100 highly carcinogenic 
compounds and over 2000 compounds in 
total

(Gaston, T., and Friedman, D., 2017; 

Huestis, M., 2007)



Distribution

• Lipophilic: Rapidly taken up 
by Heart, Liver, Brain and 
Lung

• Residual concentrations 
remain in the brain, after no 
longer in the blood

• THC rapidly crosses the 
placenta

• THC crosses into breast milk(Huestis, M., 2007)



Absorption Depends on the Route of Intake

• Oral absorption - First 
pass Metabolism - Liver 
(CYP 450 & other 
enzymes) and Extra-
Hepatic Tissues: Converts 
THC to >100 metabolites, 
some of which are 
psychoactive

• Mucosal, Rectal, Dermal, 
Inhalation, & Intravenous –
Bypass the digestive 
system so the drug is 
absorbed directly into the 
system

(Gaston, T., and Friedman, D., 

2017; Huestis, M., 2007)



Excretion and Elimination

• Feces (Primary)

• Urine (Secondary)

• Sweat

• Oral fluid (e.g., Saliva)

• Hair

(Gaston, T., and Friedman, D., 2017; Musshoff, F., and Madea, B., 

2006; Kintz, P., Cirimele, V., and Ludes, B., 2000) 



Quitting & Detecting Use

• THC half-life in plasma and urine: 20-60 hours

• Elimination half-life of metabolites: 5-6 days

• Chronic User: May still be detectable for > 1 month

• Cause: Slow release from lipid-storage

• Binds to lipoproteins

• The human organs that contain the most fat (and 
therefore store the most THC), are the brain and 
reproductive organs (ovaries or testicles). 

(Koob, G., and Le Moal, M., 2006; Lowe, R., Abraham, T., Darwin, W., Herning, 

R., Lud Cadet, J., and Huestis, M., 2009). 



PTTC Resources

More prevention training and technical 
assistance resources, including more 
resources for marijuana prevention, 
available from SAMHSA’s            Prevention 
Technology Transfer Center Network

Visit:  pttcnetwork.org to learn more.
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Additional NIDA Videos

• The Dopamine System

• https://youtu.be/yeAN26kJuTQ

• Teen Brain Development

• https://youtu.be/EpfnDijz2d8

https://youtu.be/yeAN26kJuTQ
https://youtu.be/EpfnDijz2d8
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